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The foundation of knowledge of entropy generation goes back
to Clausius and Kelvins studies on the irreversibility aspects of
the second law of thermodynamics. However, the entropy gen-
eration resulting from temperature differences has remained
untreated by classical thermodynamics. The second law analy-
sis is important because it is one of the methods used for
predicting the performance of engineering processes. Since en-
tropy generation is the measure of the destruction of available
work of the system, the determination of the active factors
motivating the entropy generation is important in upgradingthe system performances. Rapid progress in science and tech-
nology has led to the development of an increasing number
of ﬂow devices that involve the manipulation of ﬂuid ﬂow in
various geometries. Many textbooks of ﬂuid dynamics fails
to mention that the no-slip condition remains an assumption
due to unusual agreement with experimental results for a cen-
tury. Nevertheless, another approach supposed that ﬂuid can
slide over a solid surface because the experimental fact was
not always accepted in the past. Navier [1] proposed general
boundary conditions which include possibility of ﬂuid slip at
the solid boundary. He proposed that velocity at a solid sur-
face is proportional to the shear stress at the surface. The phe-
nomenon of slip occurrence has been demonstrated by the
recent theoretical and experimental studies such as Sahraoui
et al. [2], Buckingham et al. [3], Berh [4], Raoufpanah [5],
Chauhan et al. [6], Tripathi et al. [7] and Gupta [8]. Moreover,
entropy generation in engineering and industrial ﬂow systems
provides insight into the power consumption through thermo-
dynamic losses. Therefore, the entropy minimization provides
power optimization for the ﬂuid motion in the porous channel.
Efﬁcient energy utilization during the convection in any ﬂuid
Figure 1 Geometry of the problem.
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processes to improve the system.
The problem of the slip ﬂow regime is very important in this
era of modern science, technology and vast ranging industrial-
ization. In many practical applications, the ﬂuid adjacent to a
solid surface no longer takes the velocity of the surface. The
ﬂuid at the surface has a ﬁnite tangential velocity; it slips along
the surface. The ﬂow regime is called the slip ﬂow regime and
its effect cannot be neglected. The effects of slip conditions on
the hydromagnetic steady ﬂow in a channel with permeable
boundaries were discussed by Makinde and Osalusi [9]. Khalid
and Vafai [10] obtained the closed form solutions for steady
periodic and transient velocity ﬁeld under slip condition.
Watanebe et al. [11] studied the effect of Navier slip on
Newtonian ﬂuids at solid boundary. Chen and Tian [12] inves-
tigated entropy generation in a micro annulus ﬂow and dis-
cussed the inﬂuence of velocity slip on entropy generation.
Use of an external magnetic ﬁeld is of considerable importance
in many industrial applications, particularly as a control mech-
anism in material manufacturing. Homogeneity and quality of
single crystals grown from doped semiconductor melts is of
interest to manufacturers of electronic chips. One of the main
purposes of electromagnetic control is to stabilize the ﬂow and
suppress oscillatory instabilities, which degrades the resulting
crystal. The magnetic ﬁeld strength is one of the most impor-
tant factors for crystal formation. The scientiﬁc treatment of
the problems of irrigation, soil erosion and tile drainage are
the present focus of the development of porous channel ﬂow.
The magnetohydrodynamic channel ﬂow with heat transfer
has attracted the attention of many researchers due to its
numerous engineering and industrial applications. Such ﬂows
ﬁnds applications in thermoﬂuid transport modeling in mag-
netic geosystems, meteorology, turbo machinery, solidiﬁcation
process in metallurgy and in some astrophysical problems. One
of the methods used for predicting the performance of the
engineering processes is the second law analysis. The second
law of thermodynamics is applied to investigate the irreversi-
bilities in terms of the entropy generation rate. Since entropy
generation is the measure of the destruction of the available
work of the system, the determination of the factors responsi-
ble for the entropy generation is also important in upgrading
the system performances. The method is introduced by Bejan
[13,14]. The entropy generation is encountered in many en-
ergy-related applications, such as solar power collectors, geo-
thermal energy systems and the cooling of modern electronic
systems. Efﬁcient utilization of energy is the primary objective
in the design of any thermodynamic system. This can be
achieved by minimizing entropy generation in processes. The
theoretical method of entropy generation has been used in
the specialized literature to treat external and internal irrever-
sibilities. The irreversibility phenomena, which are expressed
by entropy generation in a given system, are related to heat
and mass transfers, viscous dissipation, magnetic ﬁeld etc.
Several researchers have discussed the irreversibility in a
system under various ﬂow conﬁgurations [15–26]. They
showed that the pertinent ﬂow parameters might be chosen
in order to minimize entropy generation inside the system.
Salas et al. [27] analytically showed a way of applying entropy
generation analysis for modeling and optimization of
magnetohydrodynamic induction devices. They restricted their
analysis to only Hartmann model ﬂow in a channel. Thermo-
dynamics analysis of mixed convection in a channel withtransverse hydromagnetic effect has been investigated by Mah-
mud et al. [28]. Flow, thermal and entropy generation charac-
teristic inside a porous channel with viscous dissipation have
been investigated by Mahmud [29]. The heat transfer and en-
tropy generation during compressible ﬂuid ﬂow in a channel
partially ﬁlled with porous medium have been analyzed by
Chauhan and Kumar [30]. Tasnim et al. [31] have studied
the entropy generation in a porous channel with hydromag-
netic effects. Eegunjobi and Makinde [32] have studied the
combined effect of buoyancy force and Navier slip on entropy
generation in a vertical porous channel. The second law anal-
ysis of laminar ﬂow in a channel ﬁlled with saturated porous
media has been studied by Makinde and Osalusi [33]. Makinde
and Maserumule [34] has presented the thermal criticality and
entropy analysis for a variable viscosity Couette ﬂow. Makin-
de and Osalusi [35] have investigated the entropy generation in
a liquid ﬁlm falling along an incline porous heated plate. Cim-
pean and Pop [36,37] have presented the parametric analysis of
entropy generation in a channel. The effect of an external ori-
ented magnetic ﬁeld on entropy generation in natural convec-
tion has been investigated by Jery et al. [38]. Dwivedi et al. [39]
have made an analysis on the incompressible viscous laminar
ﬂow through a channel ﬁlled with porous media. Analysis of
entropy generation rate in an unsteady porous channel ﬂow
with Navier slip and convective cooling has been presented
by Chinyoka and Makinde [40]. Chinyoka et al. [44] have pre-
sented the entropy analysis of unsteady magnetic ﬂow through
a porous pipe with buoyancy effects. The entropy regime for
radiative MHD Couette ﬂow inside a channel with naturally
permeable base has been studied by Vyas and Rai [45].
In this paper, our objective is to investigate the combined
effects of magnetic ﬁeld, suction/injection and Navier slips
on entropy generation in an MHD ﬂow through a porous
channel under a constant pressure gradient. Closed form
solution has been obtained for the ﬂuid velocity and the ﬂuid
temperature. A parametric study is carried out to see how
the pertinent parameters of the problem affect the ﬂow ﬁeld,
temperature ﬁeld and the entropy generation.
2. Mathematical formulation and its solution
Consider the viscous incompressible electrically conducting
ﬂuid bounded by two inﬁnite horizontal parallel porous plates
separated by a distance h. Choose a cartesian co-ordinate
Entropy generation due to MHD ﬂow in a porous channel 577system with x-axis along the lower stationary plate in the
direction of the ﬂow, the y-axis is perpendicular to the plates
(see Fig. 1). A uniform transverse magnetic ﬁeld B0 is applied
perpendicular to the channel plates. Since the plates are
inﬁnitely long, all physical variables, except pressure, depend
on y only. The equation of continuity then gives v= v0
everywhere in the ﬂuid where v0 is the suction velocity at
the plates.
The equations of motion along x-direction is
v0 du
dy
¼  1
q
@p
@x
þ m d
2u
dy2
 rB
2
0
q
u; ð1Þ
where u is the ﬂuid velocity in the x-axis, q is the ﬂuid density,
m the kinematic viscosity, r the electrical conductivity of the
ﬂuid and p is the ﬂuid pressure.
The energy equation is
v0 dT
dy
¼ k
qcp
d2T
dy2
þ l
qcp
du
dy
 2
þ k rB
2
0
qcp
u2; ð2Þ
where l is the coefﬁcient of viscosity, k the thermal conductiv-
ity, cp the speciﬁc heat at constant pressure, the index k in the
Eq. (3) is set equal to 0 for excluding Jule dissipation and 1 for
including Jule dissipation.
The boundary conditions are
u ¼ c1
du
dy
; T ¼ T0 at y ¼ 0;
u ¼ c2
du
dy
; T ¼ Th at y ¼ h;
ð3Þ
where T is the ﬂuid temperature, Th the temperature at upper
plate, T0 the temperature at the lower plate and c1 and c2 slip
coefﬁcients.
Introducing the non-dimensional variables
g ¼ y
h
; u1 ¼ u
v0
; h ¼ T T0
Th  T0 ; ð4Þ
Eqs. (1) and (2) become
d2u1
dg2
 Re du1
dg
M2u1 ¼ P; ð5Þ
d2h
dg2
 Pe dh
dg
þ Br du1
dg
 2
þ kM2u2
" #
¼ 0; ð6Þ
where M2 ¼ rB2h2qm is the magnetic parameter, Br ¼
lv2
0
kðThT0Þ the
Brinkmann number, Pe ¼ v0hqcp
k
the Peclet number, Re ¼ v0hm
the Reynolds number and P ¼ h2qmv0 
@p
@x
 
the non-dimensional
pressure gradient.
The boundary conditions for u1(g) and h(g) are
u1 ¼ b1
du1
dg
; h ¼ 0 at g ¼ 0;
u1 ¼ b2
du1
dg
; h ¼ 1 at g ¼ 1;
ð7Þ
where b1 ¼ c1h and b2 ¼ c2h are the slip parameters.
The solution of the Eq. (5) subject to the boundary condi-
tions (7) is
u1ðgÞ ¼ P
M2
þ A cosh ngþ B sinh ngð Þ eRe2 g; ð8Þ
wheren ¼ Re
2
4
þM2
 1
2
;
A ¼
P
M2
nb1e
Re2 þ sinh n b2 Re2 sinh nþ n cosh n
  
nðb1  b2Þ cosh nþ Re24  n2
 	
b1b2  12Reðb1 þ b2Þ þ 1
h i
sinh n
; ð9Þ
B ¼ P
nb1M
2
þ A
n
1
b1
 1
2
Re
 
: ð10Þ
The solution given by the Eq. (8) exists for both Re< 0
(corresponding to v0 < 0 for the blowing at the plates) and
Re> 0 (corresponding to v0 > 0 for the suction at the plates).
On the use of (8), the Eq. (6) becomes
d2h
dg2
Pedh
dg
¼Br eReg A8þ1
2
ðA4 cosh2ngþA5 sinh2ngÞ

 
2PkeRe2 g A6 coshngþA7 sinhngð ÞþkP
2
M2

: ð11Þ
Solution of the Eq. (11) subject to boundary condition (7) is
given by
hðgÞ¼ c1þ c2ePegBr eReg A8þ1
2
A4 cosh2ngþA5 sinh2ngð Þ

 
þkPeRe2 g A6 coshngþA7 sinhngð Þ kP
2
PeM2
g

; ð12Þ
where
A1 ¼ 1
2
1
2
ReAþ nB
 2
þ kM2ðA2 þ B2Þ  1
2
ReBþ nA
 2" #
;
A2 ¼ 1
2
1
2
ReAþ nB
 2
þ kM2ðA2 þ B2Þ þ 1
2
ReBþ nA
 2" #
;
A3 ¼ 1
2
ReAþ nB
 
1
2
ReBþ nA
 
þ kM2AB;
X1 ¼ ðReþ 2nÞðReþ 2n PeÞ; X2 ¼ ðRe 2nÞðRe 2n PeÞ;
X3 ¼ 1
2
Reþ n
 
1
2
Reþ n Pe
 
; X4 ¼ 1
2
Re n
 
1
2
Re n Pe
 
;
A4 ¼ 1
X1
ðA2 þ A3Þ þ 1
X2
ðA2  A3Þ; A5 ¼ 1
X1
ðA2 þ A3Þ  1
X2
ðA2  A3Þ;
A6 ¼ 1
X3
ðAþ BÞ þ 1
X4
ðA BÞ; A7 ¼ 1
X3
ðAþ BÞ  1
X4
ðA BÞ;
A8 ¼ 1
Re2  RePe :
ð13Þ3. Results and discussion
To study the effects of magnetic ﬁeld and Reynolds number on
the velocity ﬁeld we have presented the non-dimensional veloc-
ity u1 against g in Figs. 2–5 for several values of magnetic
parameter M2, Reynolds number Re, slip parameters b1 and
b2 with P= 1. It is seen from Figs. 2 and 3 that the ﬂuid veloc-
ity u1 decreases with an increase in either magnetic parameter
M2 or Reynolds number Re. This can be attributed to the
presence of Lorentz force acting as a resistance to the ﬂow
as expected. The larger values of the Reynolds number corre-
spond to higher suction/injection strength and hence clearly
decreases the ﬂuid velocity as illustrated in Fig. 3. Figs. 4
and 5 shows that the ﬂuid velocity u1 increases with an increase
in slip parameter b1 while it decreases with an increase in slip
parameter b2. We have plotted the temperature distribution h
against g in Figs. 6–8 for several values of Brinkmann number
Br, Reynolds number Re and Peclet number Pe. It is seen from
Figs. 4–8 that the ﬂuid temperature h increases with an
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Figure 4 Velocity proﬁles for different b1 when Re= 0.5,
M2 = 5 and b2 = 0.1.
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
η
u 1
β2 = 0.4, 0.5, 0.6, 0.7
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Figure 3 Velocity proﬁles for different Re when M2 = 5,
b1 = 0.1 and b2 = 0.1.
578 S. Das, R.N. Janaincrease in either Brinkmann Br or Reynolds number Re or
Peclet number Pe.
The rate of heat transfer at the plates g= 0 and g= 1 can
be obtained from (12) as
h0ð0Þ ¼ c2Pe Br
hn
ReA8 þ ðReA4 þ 2nA5Þ
o
þkP 1
2
ReA6 þ nA7
 
 kP
2
PeM2

; ð14Þ
h0ð1Þ ¼ c2PeePe  Br eRe A1 þ ðReA4 þ 2nA5Þ cosh 2nf

þðReA3 þ 2nA4Þ sinh 2ngPkeRe2 1
2
ReA6 þ nA7
 

cosh nþ 1
2
ReA7 þ nA6
 
sinh n

 kP
2
PeM2

; ð15Þ
where A1, A2, A3 and c2 are given by (13).
The numerical values of the rate of heat transfers h0(0) and
h0(1) are entered in the Tables 1 and 2 for several values ofM2, Re, Br, Pe, b1 and b2. It is seen from the Table 1 that
the rate of heat transfer h0(0) at the plate g= 0 decreases with
an increase in magnetic parameterM2 whereas it increases with
an increase in Reynolds number Re. The rate of heat transfer
h0(1) at the plate g= 1 increases with an increase in magnetic
parameter M2 whereas it decreases with an increase in Rey-
nolds number Re. Table 2 shows that the rate of heat transfer
h0(0) at the plate g= 0 decreases with an increase in Peclet
number Pe whereas it increases with an increase in Brinkmann
number Br. The rate of heat transfer h0(1) at the plate g= 1
increases with an increase in Peclet number Pe whereas it de-
creases with an increase in Brinkmann number Br. It is seen
from the Table 3 that the rate of heat transfer h0(0) at the plate
g= 0 increases with an increase in slip parameter b2 whereas it
decreases with an increase in slip parameter b1. The rate of
heat transfer h0(1) at the plate g= 1 decreases with an in-
crease in slip parameter b2 whereas it increases with an increase
in slip parameter b1. On the other hand, h0(1) < 0 means the
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Figure 8 Temperature proﬁles for different Pe when Br= 1 and
Re= 2.
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Figure 7 Temperature proﬁles for different Re when Br= 1 and
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when there is signiﬁcant heat generation in the ﬂuid due to
viscous and Ohmic dissipations, the temperature of the ﬂuid
exceeds the plate temperature which causes heat ﬂow from
ﬂuid to the plate.
4. Entropy generation
All thermal systems confront with entropy generation. Entro-
py generation is squarely associated with thermodynamic irre-
versibility. It is imperative to determine the rate of entropy
generation in a system, in order to optimize energy for efﬁcient
operation in the system. The convection process in a channel is
inherently irreversible and this causes continuous entropy gen-
eration. Woods [41] gave the local volumetric rate of entropy
generation for a viscous incompressible conducting ﬂuid in
the presence of magnetic ﬁeld as follows:EG ¼ k
T20
dT
dy
 2
þ l
T0
du
dy
 2
þ k rB
2
0
T0
u2: ð16Þ
The entropy generation Eq. (16) consists of three terms, the
ﬁrst term is the irreversibility due to the heat transfer, the sec-
ond term is entropy generation due to viscous dissipation,
while the third term is local entropy generation due to the ef-
fect of magnetic ﬁeld (Joule heating or Ohmic heating).
The dimensionless entropy generation number may be de-
ﬁned by the following relationship:
NS ¼ T
2
0h
2EG
kðTh  T0Þ2
: ð17Þ
In terms of the dimensionless velocity and temperature, the
entropy generation number becomes
NS ¼ dh
dg
 2
þ Br
X
du1
dg
 2
þ kM2u21
" #
; ð18Þ
where Br ¼ lev20
kðThT0Þ is the Brinkmann number and X ¼
ThT0
T0
the non-dimensional temperature difference.
The entropy generation number NS can be written as a
summation of the entropy generation due to heat transfer de-
noted by N1 and the entropy generation due to ﬂuid friction
with magnetic ﬁeld denoted by N2 given as
N1 ¼ dh
dg
 2
; N2 ¼ BrX
du1
dg
 2
þ kM2u21
" #
: ð19Þ
In many engineering designs and optimization problems,
the contribution of the heat transfer entropy generation to
the total entropy generation rate is required therefore; Pao-
letti et al. [42] presented an alternative irreversibility distribu-
tion parameter in terms of Bejan number (Be) and deﬁned it
as
Be ¼ N1
NS
¼ 1
1þ U ; ð20Þ
where U ¼ N2
N1
is the irreversibility ratio. Heat transfer domi-
nates for 0 6 U< 1 and ﬂuid friction with magnetic effects
Table 1 Rate of heat transfer at the plates g= 0 and g= 1 when Br= 2, b= 0.1, b= 0.1 and Pe= 3.
RnM2 h0(0) h0(1)
5 10 15 20 1 10 15 20
0.5 0.51718 0.49732 0.49022 0.48666 2.47588 2.67691 2.72672 2.74821
1.0 0.56581 0.54402 0.53676 0.53316 1.47154 1.63722 1.68494 1.70618
1.5 0.62570 0.60261 0.59522 0.59161 0.05562 0.08776 0.13426 0.15536
2.0 0.70115 0.67712 0.66964 0.66602 3.55162 3.42268 3.37676 3.35576
Table 2 Rate of heat transfer at the plates g= 0 and g= 1 when R= 2, b= 0.1, b= 0.1 and M2 = 5.
BrnPe h0(0) h0(1)
4 6 8 10 4 6 8 10
0.2 0.15856 0.06827 0.04072 0.02952 3.06185 5.01396 7.42690 9.33743
0.4 0.24248 0.12164 0.07875 0.05859 2.04908 4.01302 6.85111 8.67440
0.6 0.32641 0.17500 0.11678 0.08765 1.03630 3.01207 6.27532 8.01138
0.8 0.41033 0.22837 0.15481 0.11672 0.02353 2.01113 5.69953 7.34835
Table 3 Rate of heat transfer at the plates g= 0 and g= 1 when R= 2, Pe= 3, Br= 1 and M2 = 5.
b1nb2 h0(0) h0(1)
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
0.3 0.69474 0.73451 0.70799 0.70388 4.78096 4.52895 3.48807 3.38299
0.5 0.69193 0.73313 0.70422 0.69986 4.89203 4.70550 3.52113 3.40267
0.7 0.69078 0.73464 0.70336 0.69871 4.97200 4.84169 3.54663 3.41800
0.9 0.69036 0.73721 0.70374 0.69880 5.03228 4.94959 3.56681 3.43020
580 S. Das, R.N. Janadominates when U> 1. The contribution of both heat trans-
fer and ﬂuid friction to entropy generation are equal when
U= 1. The Bejan number Be takes the values between 0
and 1 (see [43]). The value of Be= 1 is the limit at which
the heat transfer irreversibility dominates, Be= 0 is the
opposite limit at which the irreversibility is dominated by
the combined effects of ﬂuid friction and magnetic ﬁeld and
Be= 0.5 is the case in which the heat transfer and ﬂuid0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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Figure 9 NS for different M
2 when Pe= 3, b1 = 0.1, b2 = 0.1,
Br= 1, BrX1 = 1 and Re= 2.friction with magnetic ﬁeld entropy production rates are
equal. Further, the behavior of the Bejan number is studied
for the optimum values of the parameters at which the entro-
py generation takes its minimum.
The inﬂuences of the different governing parameters
on entropy generation within the channel are presented in
Figs. 9–20. It is seen from Fig. 9 that the entropy generation
number NS increases with an increase in magnetic parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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2 = 5, b2 = 0.1, Br= 1,
Pe= 3, BrX1 = 1 and R= 2.
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Entropy generation due to MHD ﬂow in a porous channel 581M2. The effect of magnetic parameter M2 on the entropy gen-
eration number is displayed in Fig. 9. This ﬁgure shows that
the entropy generation is slightly increases with magnetic
parameter M2. The magnetic parameter M2 is not too much
dominating on entropy generation. A large variation of M2
causes a small variation in the rate of entropy generation.
Fig. 10 show that the entropy generation number NS increases
near the plate g= 0 and it decreases near the plate g= 1 with
an increase in Reynolds number Re. It is revealed from Fig. 11
that the entropy generation number NS increases in the region
0 6 g 6 0.7 and it decreases in the region 0.7 < g 6 1 with an
increase in Brinkmann number Br. This is physically true since
Br is the coefﬁcient of the viscous and Joule dissipations in the
energy equation (see Eq. (6)) and its increase raises the ﬂuid
temperature via the increase in viscous and Joule dissipations.
As the ﬂuid temperature increases, temperature gradient
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Figure 16 Bejan number for different M2 when Pe= 3, b1
= 0.1, b2 = 0.1, Br= 1, BrX
1 = 1 and R= 2.
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Figure 17 Bejan number for different Re when M2 = 5, b1
= 0.1, b2 = 0.1, Br= 1, Pe= 3 and BrX
1 = 1.
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Figure 18 Bejan number for different Br when M2 = 5, b1
= 0.1, b2 = 0.1, Pe= 3 and BrX
1 = 1.
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Figure 19 Bejan number for different Pe when M2 = 5, b1
= 0.1, b2 = 0.1, Br= 1, BrX
1 = 1 and Re= 2.
582 S. Das, R.N. Janaincreases within the channel and consequently, there is an in-
crease in entropy generation number in the channel. Figs. 12–
15 show that the entropy generation number NS increases with
an increase in either Peclet number Pe or group parameter
BrX1 or b1 or b2. It is observed that entropy generation num-
ber increases with an increase in the group parameter BrX1.
This is attributed to the increase in ﬂuid friction irreversibility
(N2) with an increase in BrX
1. It is seen from Fig. 16 that the
Bejan number Be increases with an increase in magnetic
parameterM2. The effect of magnetic parameterM2 on the en-
tropy generation number is displayed in Fig. 16. This ﬁgure
shows that the entropy generation is slightly increases with
magnetic parameter M2. The magnetic parameter M2 is not
too much dominating on entropy generation. A large variation
of M2 causes a small variation in the rate of entropy genera-tion. Figs. 17 and 18 show that the Bejan number Be increases
near the plate g= 0 and it decreases near the plate g= 1 with
an increase in either Reynolds number Re or Brinkmann num-
ber Br. An increase in Brinkman number increases the ﬂuid
temperature (Fig. 7) as well as temperature gradient within
the channel. Consequently, as shown in Fig. 18, the dominance
of ﬂuid friction irreversibility over heat transfer irreversibility
decreases with increase in Br. Figs. 19–22 reveal that the Bejan
number Be increases with an increase in either Peclet number
Pe or group parameter BrX1 or b1. The group parameter is
an important dimensionless number for irreversibility analysis.
It determines the relative importance of viscous effects to that
of temperature gradient entropy generation. It is seen from
Fig. 22 that the Bejan number Be increases with an increase
in b2.
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Figure 20 Bejan number for different BrX1 when M2 = 5,
b1 = 0.1, b2 = 0.1, Br= 1, Pe= 3 and Re= 2.
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Figure 21 Bejan number for different b1 when M
2 = 5,
b2 = 0.1, Br= 1, Pe= 3, BrX
1 = 1 and Re= 2.
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Figure 22 Bejan number for different b2 when M
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The combined effects of magnetic ﬁeld, suction/injection and
Navier slip on the entropy generation in an MHD ﬂow
through a porous channel with have been investigated. The
analytical results obtained for the velocity and temperature
proﬁles are used in order to obtain the entropy generation pro-
duction. The non-dimensional entropy generation number and
the Bejan number are calculated for the problem involved. It is
found that, the entropy generation increases with an increase
magnetic parameter or group parameter or slip parameter.
The rate of heat transfer at the lower plate decreases with an
increase in either magnetic parameter or Peclet number. On
the other hand, the rate of heat transfer at the upper plate in-
creases with an increase in either Reynolds number or Brink-
mann number or slip parameters. It is important to note thatthe ﬂuid velocity, the ﬂuid temperature as well as entropy gen-
eration are signiﬁcantly inﬂuenced by Jule dissipation. The
heat transfer irreversibility dominates the ﬂow process within
the channel centerline region, while the inﬂuence of ﬂuid fric-
tion irreversibility can be observed at the channel walls. It is
expected that the entropy optimization helps practicing engi-
neers to design thermal systems with lesser energy losses and
consequently maximum possible energy available for use.Acknowledgements
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